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Introduction   
   
Biofilms are defined as "matrix enclosed bacterial populations adherent to each other 
and/or to surfaces or interfaces. Dental plaque, a common etiological agent of most 
periodontal diseases, exhibits all the primary characteristics of biofilms, including a 
primary circulatory system and a mixed microbial community i.e. highly integrated in 
terms of nutritional needs and outputs.
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UNIQUE FEATURES OF BIOFILMS: 
Biofilms exhibit several unique features that serve to protect and enhance the 
nutritional opportunities for the bacteria that reside within them. 
  
1.Protection: Resident microorganisms of biofilms produce a matrix called 'glycocalyx' 
that encloses the microbial community and protects it from potentially harmful effects 
of surrounding environment. Many bacteria in the sessile state of a biofilm synthesize 
insoluble HMW extra cellular polysaccharides that are generally composed of neutral 
sugars, amino acids and some uronic acids. These slimy coatings keep the bacteria 
bonded together and retain them on the surface, so that they are not flushed away by 
the turbulent action of surrounding fluids (e.g. Saliva). In addition, they are difficult to 
remove.
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The biofilm matrix also protects bacteria from the effects of antibiotics and antiseptics 
because these agents cannot easily penetrate the barrier provided by the 
polysaccharide matrix. 
  
2. Architectural Stability: The polysaccharide matrix imparts a definite architectural 
structure to the biofilm community. There are microcolonial aggregates with different 
shapes and sizes dispersed throughout the biofilm, the arrangement of which is partly 
dependant on the external shear forces from the surrounding environment, on the 
biofilm. In a severely starved biofilm, there may be stacks of colonies extending up 
into the fluid bulk resembling dendrites whereas in a richly fed dental plaque (e.g. By a 
high sucrose diet), a thick and dense biofilm develops. 
 
Microorganisms on the outer surface of biofilms are not as strongly attached or 
embedded in the matrix and are faster growing than those deep within. Surface 
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Abstract      
                         
Oral biofilms play a major role in the etiology of oral disease.  Dental plaque is a surface 
associated structurally and functionally organized multi-species microbial biofilm. New insights 
into the structure and composition of oral microbial communities have implicated shifts in the 
composition of the resident microbiota in the development of oral disease.  
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Microorganisms on the outer surface of biofilms are not 
as strongly attached or embedded in the matrix and are 
faster growing than those deep within. Surface bacteria 
are also susceptible to detachment by phagocytes, 
abrasion or shear forces of fluid currents and undergo 
periodic sloughing which form swarms that seed new 
surfaces for the start of another colony. Thus biofilm 
provide a vast array of microniches and the same species 
of bacteria can behave quite differently depending on 
the topographic position within the community. 
 
3. Nutrition: Biofilm bacteria have a survival advantage 
by bonding together and adhering to a surface. The 
mixed microorganisms also have the symbiotic benefit of 
using the products exported by neighbors. 
 
4. Communication: Bacteria communicate through the 
Quorum Sensing process involving regulation of gene 
expression in response to changes in the number of 
bacteria in a given area(i.e. Cell density) within a biofilm. 
When the cell density reaches a certain level, the bacteria 
release signaling molecules called autoinducers that 
activate gene expression in surrounding bacteria 
(generally, Gram negative bacteria use acylated 
homoserine lactone while Gram positive bacteria use 
processed oligopeptides) allowing them to co-ordinate 
gene expression and thereby govern and direct the 
behavior of the entire microbial community. Thus 
biofilms act as multicellular units with multiple groups of 
bacteria demonstrating complex coordinated activities. 
 
FORMATION OF A PLAQUE BIOFILM 
Bacterial growth and development starts with 
adherence of bacteria through co-aggregation followed 
by a lag phase during which phenotypic shift occurs as 
they shift from planktonic to sessile environment. 
Subsequently there is a rapid growth phase 
characterized by complex exopolysaccharide production. 
Finally a steady state or equilibrium is reached during 
which surface shedding and acquisition of new bacteria 
may occur. A climax biofilm community, termed plaque 
will develop within 2-3 weeks. In this ecological 
succession of the biofilm, there is a transition from the 
early aerobic environment characterized by Gram 
positive facultative species to a highly oxygen deprived 
environment in which Gram negative anaerobic 
microorganisms predominate. 
 
COMPOSITION OF PLAQUE BIOFILM 
Plaque is about 80% water and 20% solids. The solids 
includes cells, mainly bacteria (35% of dry weight) and 
extracellular components (65% of dry weight).  
 
Bacterial Complexes - Biochemical Soup 
Bacterial species in an ecological complex are commonly 
found together and tend to form ecological layers out 
from the tooth surface representing maturation of the 
plaque ecology and can be color coded(ref. table l). The 
character of plaque is thus best described by the 
complex of multiple bacterial species that dominate at 
that site, rather than by a single microbial type. 
 
 
Table 1: Various Microbial complexes in Dental Plaque 
 
YELLOW & PURPLE 
COMPLEXES 
GREEN COMPLEX ORANGE COMPLEX RED COMPLEX 
 
Strep, oralis Actinobacillus 
actinomycetemcomitans 
Campylobacter gracilis Porphyromonas 
gingivalis 
Strep, gordonii  Capnocytophaga gingivalis Campylobacter rectus Bacteroids forsythus 
Strep. 
intermedius 
Capnocytophaga ochracea Eubacterium nodatum Treponema denticola 
Strep, mitis Capnocytophaga sputigena Fusobacterium 
nucleatum 
 
Strep, sanguis Eubacterium corrodens Prevotella intermedia  
Actinomyces israelii  Prevotella nigrescens  
A. naeslundi   Peptostreptococcus 
micros 
 
A. odontolyticus    
Viellonella parvula    
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Diagram 1: Schematic illustration of metabolic interactions among different bacterial species in plaque, and between host and plaque bacteria, 
important for their survival in periodontal environment. 
 
 
The tissue changes are therefore the result of the total 
ecosystem, bacterial complexes and there toxic products 
at a specific site. 
 
Recently, "Ecological Plaque Hypothesis" has been 
proposed that the oral ecology as a whole contributes to 
the etiology of periodontal disease and caries with the 
shift in composition being particularly important. 
  
PLAQUE BIOFILM AND PERIODONTAL DISEASES 
Periodontal disease is initiated and maintained by 
bacterial plaque. The extent of tissue damage is 
dependent on the interaction between plaque bacteria 
and host defense mechanisms. 
 
Microecological Catastrophe or events which lead to the 
breakdown of homeostatic mechanisms that maintain a 
beneficial relationship between plaque and host may 
initiate diseases. 
  
The Specific Plaque Hypothesis  by Loesche states   that   
only   certain   plaque  is pathogenic, depending on the 
presence or increase in specific microorganisms. 
 
COMBATING BIOFILM MENACE 
Control of periodontal diseases is rooted in the removal 
of established biofilms from Supra- and Subgingival 
areas and removal of plaque retaining factors. 
1. Antibacterial agents esp. chlorhexidine has 
proved to be the most effective in reducing 
plaque. 
2. Non-surgical mechanical therapies such as 
scaling and root planing remove much of 
the biofilm and disrupt the bacterial 
complexes at a specific site. 
3. Regenerative procedures such as use of tissue 
engineering, stem cells and growth factors 
to remove plaque retaining environment 
around the teeth. 
4. Currently, a Constant Depth Film 
Fermentor(CDFF) enables films to be grown 
on any substratum and allows discrete, 
reproducible and representative samples to 
be taken for detecting antibiotic sensitivity. 
5. Role of Gene Therapy: Recently, Mahl et al, 
identified gene encoding for 
glucosyltransferase required for the 
synthesis of periplasmic glucans in wild form 
of Pseudomonas aeroginosa RAH strain. This 
remarkably protected them from the effects 
of antibiotics, biocides etc. Using genetic 
approach researches have isolated ndvB 
mutant of Psuedomonas aeroginosa, still 
capable of forming biofilms but lacking the 
characteristics of periplasmic glucans 
thereby rendering microbial communities 
susceptible to conventional antibiotic 
therapy.
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6. Varying O2 concentration, pH and nutrient 
availability in plaque has been shown to 
modulate microflora, e.g. addition of 
methylene blue to periodontal pockets 
increases redox potential and may inhibit P. 
gingivitits or control of GCF decreases the 
nutrient supply to the plaque microflora. 
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CONCLUSION 
Dental researchers have attempted to understand the 
microbial nature of oral diseases over the   past   120   
years.   Their   view   of plaque   and   its   constituent 
microorganisms has shifted from a specific plaque 
hypothesis to a non-specific plaque hypothesis and back 
again to a theory of specific periodontal pathogens in 
plaque.
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Dental plaque cause caries and most periodontal 
diseases. Metabolic activities and host interactions may 
lead to periodontal tissue destruction as the body has no 
means to, remove the tooth borne biofilm.Removal of 
plaque thus requires specialized mechanisms. Once the 
plaque has mineralized and taken on the form of 
calculus, it may require professional intervention. 
 
Thus, control of plaque biofilm is a primal topic among 
periodontists and numerous researches are still being 
conducted to devise newer methods of reducing plaque 
biofilms and the pathogenic microorganisms associated 
with it.
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